This laboratory study reports the ability of Formosan subterranean termite, Coptotermes formosanus Shiraki, colonies to survive for at least 9 yr while restricted to a sweater box. Colonies survived by limiting queen size and worker numbers, allowing these bonsai colonies to thrive. Queen physogastry appeared to plateau with 9-yr-old queens not larger than 6-yr-old queens, but nearly triple the size of 2-yr-old queens. Nine-year-old colony worker numbers were not greater than 6-yr-old colonies, but worker numbers were greater than in 2-yr-old colonies. Such colony survival under conditions of restricted resources provides a mechanism for re-infestation of areas following extensive area-wide control efforts. "Bonsai" colonies are relevant to the ability of marginalized colonies to avoid detection and then expand and invade into areas once the large, mature colonies are eliminated, and their potential to produce alates to start new C. formosanus colonies in areas which have been subjected to colony elimination programs impacts termite management strategies.
Rearing Vials
A colony was initiated in rearing chambers that consisted of 15dram (50-ml) snap cap plastic vials (6.0 by 3.5 cm, height by diameter, Fisher, Hampton, NH). Air exchange was provided by six punctures in the cap with an ice pick. The bottom of the vial was filled with moist spruce sawdust (10 mm deep) topped with a 40mm layer of 10% agar prepared by heating in the microwave. Three evenly spaced spruce sticks (3 by 6 by 45 mm 3 ) were inserted flush with the vial side into the cooling agar. A chamber (4 by 35 mm 2 ) was excavated, using a stiff wire, adjacent to each stick-wall interface, resulting in three chambers per rearing vial.
Incipient Colonies
Three pairs of dealated tandeming imagoes were gently aspirated, placed in each rearing vial, and capped ( Fig. 1) 8. Rearing vials were covered with aluminum foil to exclude light and placed in lidded 3.8-liter plastic buckets (Uline, Coppell, TX) provisioned with moist paper towels to elevate humidity. Buckets were held in incubators at 27 C.
Incubator Box
At 6 mo postpairing, a vial with one surviving incipient colony was placed, cap removed, in a 1.3-liter 6.1-by 12.2-by 17.2-cm (h by w by l) polystyrene plastic incubator box (Pioneer Plastics Inc., North Dixon, KY), with a 0.8-mm air exchange hole drilled in each corner of the lid. Each incubator box was filled with eight adjacent 4-by 0.5 -by 8-cm (h by w by l) slats of spruce, Picea spp., and a mixture of moist generic top soil and fine vermiculite (Hoffman, Lancaster, NY; 50:50 by volume), filling the incubator box to a depth of 5 cm (Fig. 2 left) . Incubator boxes were wrapped in aluminum foil and held in incubators at 27 C. Water and fresh wood were added as needed.
Sweater Box
At 18 mo postpairing a portion of the surviving incubator box colonies were transferred intact with lid removed to a 7.3-liter 10.2by 23.2-by 31.3-cm (h by w by l) polystyrene plastic sweater box (Pioneer Plastics, North Dixon, KY), with 0.8-mm air exchange holes drilled in each corner of the sweater box lid. Sweater boxes were provisioned with 16 adjacent 4-by 0.5-by 8-cm (h by w by l) slats of spruce, two adjacent 2-by 4-by 30-cm (h by w by l) pine, Pinus spp., stakes, and a mixture of moist top soil and vermiculite (50:50 by vol), filling the sweater box to a depth of 7.6 cm ( Fig. 2  center) . The sweater box was held in the laboratory at 27 C. Water and fresh wood were added as needed.
Trash Can
At 18 mo postpairing a portion of the surviving incubator box colonies were transferred to a 76-liter plastic trashcan (58 by 45 cm 2 , height by diameter, Newell-Rubbermaid Inc.), with six 0.8-mm air exchange holes drilled in the lid. Trash cans were provisioned with 16 adjacent 4-by 0.5-by 8-cm (h by w by l) slats of spruce, six sets of two adjacent 2-by 4-by 30-cm (h by w by l) pine stakes, and a mixture of moist top soil and vermiculite (50:50 by vol), filling the trash can to a depth of 30 cm (Fig. 2 bottom) . Trash cans were held in the laboratory at 27 C. Water and fresh wood were added as needed.
Ant Farm
Ten pairs of dealated tandeming imagoes were gently aspirated and placed in each 750-ml modified ant farm (Giant Ant Farm, Uncle Milton Industries, Agoura Hills, CA). Internal volume of the Giant ant farm (24 by 1 by 38 cm 3 , h by w by l) was reduced (narrowed) with the insertion of a clear acrylic Plexiglas sheet (9 by 0.3 by 34 cm 3 , h by w by l) into the bottom half to assist with observations. Each ant farm was half filled with a mixture of moist top soil and sand (Quikrete Play Sand, Atlanta, GA, 50:50 by volume) and provisioned with six 4-by 0.5-by 8-cm (h by w by l) slats of spruce ( Fig. 3 ). Ant farms were surrounded with aluminum foil to exclude light and held in the laboratory at 27 C. Water and fresh wood were added as needed.
Field Termites
Field termites were collected from four different colonies. Termiteinfested 2-by 4-by 30-cm (h by w by l) pine stakes that had been hammered 22 cm into the soil and checked monthly in City Park, New Orleans, LA, were replaced with independent bucket trap termite monitors active with C. formosanus (Su and Scheffrahn 1986) . A monitor was a 3.8-liter plastic bucket with a removable lid, the bottom removed, and each monitor was buried in the ground such that the lid was 1 cm below the soil surface. Monitors were filled with 50 4-by 0.5-by 8-cm (h by w by l) slats of spruce. Individual weights were calculated by weighing four groups of 10 workers, four groups of 10 soldiers, and four groups of 10 brachypterous nymphs (Osbrink et al. 2008 ).
Colony Enumeration
Incubator boxes, sweater boxes, and ant farms were individually dismantled inside a plastic container (55 by 40 by 13 cm 3 , l by w by h, Newell-Rubbermaid), and all termites were collected. Only colonies obtained from incubator boxes, sweater boxes, and ant farms from which a king and queen were recovered were used. Each treatment of 2-and 6-yr-old colonies was replicated four times, and the 9-yr-old sweater box colony was replicated three times. Trash cans were sampled by removing infested pine stakes and tapping termites into a 55-by 40-by 13-cm (l by w by h) plastic container (Newell-Rubbermaid). Average weights were calculated by weighing four groups of 10 workers or soldiers. Total number of workers and soldiers were counted. Lengths were determined from specimens in alcohol (EtOH 70%) and from photographs.
Data Analysis
Colony biometrics, weights, numbers, length, and percentage soldiers were subjected to ANOVA, completely random design, and when significantly different (P 0.05), separated by Fisher least-significant difference (LSD) unless otherwise indicated (Systat Software 2008) . Percentage data were arcsine-square roottransformed before analysis. Transformed data were converted back to mean percentage for reporting.
Results
At 6 mo postpairing, only single nuptial pairs remained in rearing vials. During the first several months of colony development, occasionally three imagoes (two females and one male) occupied the nuptial chamber ( Fig. 4) . Only a single nuptial pair remained in 2yr-old colonies kept in ant farms.
No nymphs were recovered from any of the laboratory colonies in this 9-yr study. Overall, surviving C. formosanus colonies initiated from post flight pairing of kings and queens displayed a high level of vitality while confined to containers. Queen physogastry appeared to plateau with 9-yr-old queens not heavier than 6-yr-old queens, but nearly tripled the mass of 2-yr-old queens (Table 1; Figs. 5 and 6) . Queen mass varied between 9-(Figs. 7-9) and 6-yr-old colonies, with the largest and smallest queens occurring in the latter (Tables 2 and 3) .
Nine-year-old sweater box colony worker numbers were not different from 6-yr-old colonies (Fig 2) , both being an order of magnitude larger than 2-yr-old colonies (Table 1 ). Worker numbers varied by about 30% in both 9-and 6-yr-old colonies (Tables 2 and 3) . Worker numbers in 2-yr-old colonies maintained in incubator boxes were only about 12% of that in the larger sweater boxes, but 23% of ant farms (Table 4 ). Sweater box workers were 25% larger in colonies six years and older compared to 2-yr-old (Table 1) . Workers were also heavier when reared in the larger trash cans compared to sweater boxes at both six and nine years, but smaller than those collected in the field (Table 1; Fig. 2 ). Two-year-old sweater box workers were 15 and 35% smaller compared to incubator boxes and ant farms, respectively (2.3 g; Table 4 ).
Soldier size differences were not evident between 2-, 6-, or 9-yrold sweater box colonies, but were smaller than those collected in the field (Table 1; Fig 3) . Sweater box soldier percentages remained stable at 2-, 6-, and 9 yr (Table 1 ). In 2-yr-old colonies, soldier percentages were higher in incubator boxes and ant farms than sweater boxes (Table 4 ).
Discussion
The small, "bonsai" (referencing a Japanese art form growing miniature trees in small containers), colony population size of the 6-and 9-yr-old C. formosanus colonies have adapted to limited space by restricting colony growth possibly through some undefined feedback loop. Size of queens, kings, workers, and soldiers as well as worker numbers plateaued for at least the last three years. Suppressed colony growth has also been reported regarding C. formosanus colonies restricted to cypress trees in the Calcasieu River, Lake Charles, Calcasieu Parish, LA. Such colonies were restricted because the bases of the cypress trees are submerged and the trunks remain standing in water La Fage 1987, 1988b; Su and La Fage 1999) . Instances of pleometrosis (multiple same-sex reproductive cooperation during colony founding) were observed in nuptial chambers during the first few months of colony development composed of two queens and one king (they did not survive to 6 mo of age).
Colony growth rates vary greatly between studies (Bess 1970 , King and Spink 1974 , Higa 1981 , Raina and Florane 2007 , and generally colony size increases with the age of the colony (Huang 1987 cited by Wang et.al. 2002 unless foraging area is restricted. Established field colonies of C. formosanus in China had an average colony size of >1 million, and an average queen length of 19 mm (Huang 1987) . Using mark recapture techniques, Su and Schreffrahn (1988) determined that field colonies of C. formosanus each commonly had >1 million termites. Huang (1987) reported that 9-yr-old laboratory-reared queens were 27 mm long, 2.4-fold greater than the "bonsai" colonies of this study. Chen et al. (1989) reported the average length of queens from eight mature colonies in China was 19 mm. Bess (1970) measured mature queens as long as 21 mm. In a similar vein, Huang (1987) found 9-yr-old kings to be 12 mm long while, this study's "bonsai" colonies, males from 9-yr-old colonies were 45.8% shorter. Increases in the queen's state of physogastry is attributed to increased ovariole numbers (Higa 1981, Raina and Florane 2007) . Like ovaries, testes in males also increased in size with age, creating a slight swelling and distension in the abdomen of a 5-yr-old king (Higa 1981) . Raina and Florane (2007) determined that 6-yr-old queens weighed between 13.1 and 17.8 mg, which is at least 57.6% lighter than the average weight of queens from our "bonsai" colonies. Nonforaging and foraging colonies had an average of 1,332 and 2,931 progeny (workers, soldiers, and eggs), respectively, at 6 yr (Raina and Florane (2007) , which were over fivefold less than the number of workers reported in 6-yr-old sweater box colonies in this study. Little is known about colony survival under conditions of suppressed foraging, though Raina and Florane (2007) provided evidence that colonies allowed to forage produced increased numbers of progeny and larger kings, queens, and workers. Large C. formosanus foraging areas can extend to over 1,600 m 2 (Messsenger et al. 2005) . Su and Tamashiro (1987) also suggested that foraging activity promotes colony growth. Huang (1987) reported a 7-yr-old queen 60.7 mg, almost double the weight of the average queen weight found in this study but not much heavier than the largest 6-yr-old queen in this study. Raina and Florane (2007) found the largest average worker weights at 6 yr were 1.62 mg and 20 and 38% smaller than our sweater box and trash can colonies, respectively. All laboratory reared workers were considerably smaller than workers collected from long established field colonies.
Laboratory reared 2-yr-old colony with 135 workers, had a much smaller population than the workers produced in our sweater box colonies (Raina and Florane 2007) , but similar to our incubator box 2-yr-old worker populations. Ant farm 2-yr-old colonies reported here had intermediate population. Ant farm workers were observed actively foraging through tunnels. Higa's (1981) 2-and 3yr-old colonies were more populated with 4,252 and 8,600, respectively, compared to all other laboratory population including colonies of Li et al. (1979) at 2.5 yr old with 1,000-2,000, Bess (1970) 2-and 4-yr old colonies of 250 and 5,000, respectively, and King and Spink's (1974) 2-yr-old colony with 283 individuals. Population growth estimates for incipient colonies of C. formosanus range from <1,000 to 9,000 individuals within the first three years of growth (Su and Tamashiro 1987) . In addition to population growth, individual termites in a foraging population also tend to increase in size and mass with the age of a colony (Nakajima et al. 1963 , Grace et al. 1995 . Su and Tamashiro (1987) monitored aerial colonies in roofs of high-rise buildings in Hawaii and reported an aerial infestation <4 yr old containing at least 100,000 individuals, demonstrating growth potential of C. formosanus.
No nymphs or alates were produced by laboratory colonies in this study even after 9 yr. Laboratory colonies reported by Higa (1981) in Hawaii produced its first alates in its 10th year. Li and Huang (1997) reported a laboratory-reared colony that produced alates in its eighth year. Nymphs in small numbers appeared in C. formosanus laboratory colonies of Huang (1987) after 8 yr. Huang and Chen (1984) found C. formosanus colonies in the laboratory took 8 yr to mature, and at that time the alates swarm. Various rearing conditions and colony differences contribute to such variable rates of colony development.
Like colony growth, soldier proportions also vary greatly between studies. Waller and La Fage (1988a) reported seasonal fluctuation of soldier proportions peaking during spring dispersal swarms. The numerically higher soldier proportions in ant farms of this study may reflect intraspecific colony agonism, which resulted in a single surviving colony. Huang's (1987) laboratory colonies up to 9 yr old had soldier proportions vary from 4.4-15.6%. Raina and Florane (2007) found 10-18% soldiers in incipient colonies up to 6 yr old. Higa's (1981) 3-yr-old colonies had 10% soldiers. Huang (1987) found that the percentage of soldiers is high (10.7-14.0%) at the early stages (first year) of colony development and drops as the colony matures. Li et al. (1979) found a 9-yr-old laboratory maintained colony with an unusually high soldier proportion for unknown reasons but in general reported mature field colonies with the average proportion of soldiers of 2-3%. Dai et al. (1985) dissected nine colonies in Guangdong, China, and found that soldiers comprised 2.8% of satellite colony populations. Possibly these Chinese populations of C. formosanus possess a lower optimal soldier proportion than the New Orleans strains. Soldiers of C. formosanus were cannibalized by workers when soldier proportions were >50%; thus, Su and La Fage (1987) suggested that food availability might be an important factor affecting the proportion of soldiers in a colony. Coptotermes formosanus soldier proportions were reviewed by Haverty (1977) who found 5-10% in both the field and laboratory, and suggested that this might constitute the optimal soldier proportion, although a 20-60% proportion was reported for this species by Nakajima et al. (1964) . Osbrink et al. (2014) has found field soldier proportions vary between 3 to 13%, generally consistent with our sweater box "bonsai" colonies, when collecting foraging termites from stable mature colonies in New Orleans, LA, using bucket traps (Su and Scheffrahn 1986) . Osbrink et al. (2014) also determined higher soldier proportions were recovered from traps which have been recently established, probably to provide protection when occupying new territory. Soldier proportions peaked after most of the wood had been consumed and workers had started to abandon the stations (Cornelius et al. 2015) . In field studies, soldier proportions vary seasonally in response to changing environmental conditions (Howard and Haverty 1981; La Fage 1987, 1988a ). Su and La Fage (1987) found that wood consumption decreased as soldier proportion increased from 30 to 40% and suggested that a soldier proportion of <30% may be optimal for C. formosanus.
COLONY AGE (YEARS) AND REARING CONTAINER
In conclusion, C. formosanus has demonstrated the remarkable capacity for colonies to survive for years while subjected to profound restriction of resources. "Bonsai" colonies are relevant to the ability of marginalized colonies to avoid detection and then expand rapidly and invade once the large, mature colonies are eliminated as described by and Mullins et al. (2011) . "Bonsai" colonies are also relevant because of their potential to produce alates to start new C. formosanus colonies in areas which have been subjected to colony elimination programs. Thus, "bonsai" colonies provide a nucleus for re-infestation of areas subject to areawide control programs. 2.3 6 0.9 2.4 6 0.9 2.8 6 0.8 Soldier percent 13.9 6 0.1 11.0 6 0.1 13.5 6 0.1 1.9 6 0.5 1.9 6 1.6 2.2 6 0.5 1.9 6 1.1 Soldier weight (mg, mean 6 SD) 2.2 6 0.8 2.2 6 0.2 2.3 6 0.5 2.3 6 1.1 Soldier percent 14.3 6 0.1 10.6 6 0.1 10.0 6 0.1 10.9 6 0.1 
